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1. Introduction
Logging damage to residual trees during selection 
cutting	may	lead	to	serious	economic	losses	in	terms	
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Abstract
Caucasian alder is a large tree and one of the commercial species in the Caspian forests. We 
investigated the wound healing rate (WHR) and compared the diameter growth (DG) of 66 
wounded and 66 unwounded alder trees 15 years after selected logging in these forests. The 
conditions of the wounds after 15 years were as follows: 56.1% had closed, 25.7% were open, 
and 18.2% had decayed. The mean WHR was 4.95 cm2/yr, ranging between 0 and 17.3 cm2/yr, 
and DG of wounded trees was 13.3% lower than in unwounded trees. The WHR and DG 
were related to the size, intensity and location of the wound, stem diameter (diameter at breast 
height; DBH), and ratio of wound size to stem basal area. The WHR in middle-aged trees was 
more than in young and older trees. The reduction in DG of wounded alder trees was only 
observed in the DBH range below 58 cm. Wounds that were larger than 100 cm2 in area sig-
nificantly reduced diameter growth of alder trees. Height of wound from ground level had 
significant negative effects on WHR and DG. Closed wounds had no significant effect on DG, 
but open or decayed wounds reduced DG by 13.8% and 34.3%, respectively. 72.7% of total 
logging wounds were caused by skidding operations where 20.8% of them were decayed, and 
reduced DG by 12.2%. Selective logging needs more careful planning of roads, skid trails, and 
winching corridors.
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Þ  find	some	possible	 relations	between	wound	
characteristics	 (size,	 location,	 and	 intensity),	
healing	rate	and	diameter	growth	of	alder	trees.
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Table 1 Main dendrometric parameters of the stand before and 
after selective cutting treatment 
Stand Before cutting After cutting Harvested
Density, stem/ha 270.4 255.2 15.2
Basal area, m2/ha 27.3 23.0 4.3
Volume, m3/ha 205.7 182.9 22.8
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Where:
Oij	 	sample	number	of	the	ith	row	and	the	jth column in 
the	contingency	table
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Þ  DG and DBH	 for	both	damaged	and	undam-
aged trees
Þ  DG and RSA
Þ  WHR and RSA
Þ  WHR and DBH





residual	alder	 trees	and	1.54%	of	 the	 total	 residual	
trees	 in	 the	 sample	 plots.	 27.3%	 of	 total	 logging	



















































The	Chi-squared	 tests	 showed	 that	 the	wound	
size,	and	wound	intensity	had	significant	effects	on	
wound	 conditions	 (p<0.01).	 The	 wound	 location	
Table 2 Main average wound characteristics (mean ± SD) referred to year 2000 and statistical analysis results. The data were detailed for 
cause and reported also in total
Cause of wounds n Wound size, cm2 * Wound height, m *
Wound intensity
Bark, % Phloem, % Wood, %
Felling 18 200.9±172.4a 1.61±0.84a 33.3 44.5 22.2
Skidding 48 55.7±48.5b 0.29±0.11b 2.1 25.0 72.9
Total 66 95.3±103.3 0.65±0.44 10.6 30.3 59.1
* Difference letters in columns indicate significant differences between the means at a<0.05 by Duncan test
Table 3 Absolute and percentage wound frequencies for each DBH 




<20 20–40 40–60 60–80 >80
n % n % n % n % n
Felling 2 40.0 7 30.4 4 18.2 3 30.0 2
Skidding 3 60.0 16 69.6 18 81.8 7 70.0 4
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(height	from	ground	level)	had	also	significant	effects	















(22.6%),	wounds	with	 a	 damaged	wood	 intensity	
(11.7%),	wounds	at	<0.3	m	(14.4%),	and	wounds	from	
the	skidding	agent	(12.2%).	The	results	of	paired	sam-





of	 paired	 samples	 t	 tests	 also	 indicated	 that	 the	























Table 4 Averages (±SD) of wound healing rate (WHR), wounded 
diameter growth (WDG) and reduction in diameter growth (RDG) 
for each wound condition referred to year 2015 and statistical 
analysis results. The data were detailed for typology of wound con-
dition and reported also in total
Wound 
condition
Frequency WHR* WDG* RDG
n % cm2/yr mm/yr %
Closed 37 56.1 8.3±2.8a 6.5±0.9a 0.3±0.1
Open 17 25.7 1.2±0.3b 5.6±1.1b 13.8±3.4
Decayed 12 18.2 0.3±0.1b 4.3±1.1c** 34.3±8.0
Total 66 100 4.95±3.23 5.62±1.70 13.3±5.2
** Significant difference with the mean diameter growth of unwounded trees 
at a<0.01 by paired t test
* Difference letters in columns indicate significant differences between the 
means at a<0.05 by Duncan test Table 5 Wound conditions (2015) in relation to wound character-
istics (2000) and statistical analysis results. The data were detailed 
for wound size, intensity, position and cause
Wounds in year 
2000













<25 11 81.8 18.2 – 8.13a
25–100 31 74.2 19.3 6.5 6.81a
100–200 18 22.2 33.3 44.4 1.45b
>200 6 16.7 50.0 33.3 1.01b
Intensity 98.2**
Bark 7 100 – – 10.32a
Phloem 20 75.0 20.0 5.0 7.16b
Wood 39 38.5 33.3 28.2 3.00c
Height from ground level, m 43.8**
<0.3 42 47.6 31.0 21.4 3.69c
0.3–1 15 60.0 20.0 20.0 5.88b
>1 9 88.9 11.1 – 9.94a
Cause of wound 3.7
Felling 18 61.1 27.8 11.1 9.84a
Skidding 48 54.2 25.0 20.8 3.24b
** Significant difference with the mean diameter growth of unwounded trees 
at a < 0.01 by Chi-squared test
* Difference letters in columns indicate significant differences between the 
means at a < 0.05 by Duncan test
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Fig. 4 Non-linear regressions of annual diameter growth of wound-
ed (WDG) and unwounded (UWDG) alder trees and their DBH, 
detailed statistical results shown in Table 6
Fig. 2 Non-linear regression of wound healing rate (WHR) in relation 
to DBH of alder trees, detailed statistical results shown in Table 6
Fig. 1 Non-linear regression of wound healing rate (WHR) in relation 
to the ratio of wound size to basal area (RSA) of alder trees, detailed 
statistical results shown in Table 6
Fig. 3 Non-linear regression of wound healing rate (WHR) in relation 
to diameter growth of alder trees, detailed statistical results shown 
in Table 6
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log	winching	in	accordance	with	the	results	of	other	










and	 41–60	 cm,	 34.8%	 and	 15.2%,	 respectively.	 As	
shown	for	beech	trees	in	uneven	aged	forests	(Tavan-
kar	et	al.	2015a),	wounded	trees	are	mostly	distributed	
in	 the	 two	 central	DBH	classes.	The	probability	of	







































After	 15	 years	 from	 the	 occurrence	 of	wounds,	
51.1%	were	closed.	In	this	case,	unlike	what	was	ob-
served	 in	similar	 conditions	 for	beech	 trees	 (37.5%	
closed	after	10	years	from	wound	occurrence)	(Tavan-
kar	et	al.	2015b),	alder	seems	to	react	in	a	better	way	in	
recovering	 from	 the	 wounds,	 especially	 wounds	
caused	by	skidding	impact.
The	results	showed	that	WHR	decreased	by	 in-
creasing	wound	size	and	wound	 intensity,	 and	 in-
creased	 by	 the	 increasing	 height	 of	 wound	 from	
ground	level.
Table 6 Detailed results of regression analysis showed in Fig. 1–5 
for relationship between: wound healing rate (WHR) and ratio of 
wound size to basal area (RSA), WHR and diameter at breast height 
(DBH), WHR and diameter growth (DG), wounded diameter growth 
(WDG) and DBH, unwounded diameter growth (UWDG) and DBH, 
diameter growth (DG) and RSA in alder trees
Variables N r2 r2 adjusted SE F p-value
WHR–RSA 66 0.508 0.493 2.30 32.55 <0.001
WHR–DBH 66 0.337 0.316 2.66 16.03 <0.001
WHR–DG 66 0.607 0.594 2.05 48.59 <0.001
WDG–DBH 66 0.365 0.345 1.60 46.53 <0.001
UWDG–DBH 66 0.417 0.398 1.23 22.51 <0.001
DG–RSA 66 0.417 0.407 1.36 45.69 <0.001
Fig. 5 Linear regression of diameter growth (DG) and ratio of wound 
size to basal area (RSA), detailed statistical results shown in Table 6
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